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Abstract: ,Q WKLV VWXG\ DQ XUEDQ GHYHORSPHQW PRGHO KDV EHHQ GHYHORSHG EDVHG RQ V\VWHP
G\QDPLFV LQRUGHUWRFRPSDUHIRXUXUEDQOD\RXWSDWWHUQV LQWHUPVRIWKHLUHIIHFWVRQODQGVFDSH
HFRORJ\ULVNDQGHQYLURQPHQWDOSROOXWLRQ7KHIRXUSDWWHUQVDUHFHQWUDOLVHGXUEDQPRGHOJUHHQ
FRUULGRU XUEDQ PRGHO GHFHQWUDOLVHG XUEDQ PRGHO VDWHOOLWH FLW\ PRGHO DQG UHVRXUFH-EDVHG FLW\
PRGHO /DQGVFDSH HFRORJ\ ULVN DVVHVVPHQWV EDVHG RQ VLPXODWLRQ UHVXOWV VKRZ WKDW WKH
GHFHQWUDOLVHG XUEDQ PRGHO LV VXSHULRU WR WKH FHQWUDOLVHG XUEDQ PRGHO LQ WHUPV RI ORQJ-WHUP
ODQGVFDSH HFRORJLFDO GHYHORSPHQW DQG HQYLURQPHQWDO SURWHFWLRQ ,Q WKH PHDQWLPH WKH
UHODWLRQVKLSVEHWZHHQWKHSDWFKVSDFLQJDQGHYDOXDWLRQLQGH[KDYHEHHQUHYHDOHG 
Keywords: 8UEDQGHYHORSPHQW/DQGVFDSHHFRORJLFDO ULVNDVVHVVPHQW&LW\SDWWHUQV6\VWHP
G\QDPLFVPRGHO*,6 
Introduction 
&HQWUDOLVDWLRQDQGGHFHQWUDOLVDWLRQDUHWZREDVLFXUEDQVSDWLDOHYROXWLRQSDWWHUQVWKDWRFFXU
WKURXJKRXWWKHHQWLUHSURFHVVRIXUEDQGHYHORSPHQW+R\W'HFHQWUDOLVPLVUHSUHVHQWHGE\
WKH³%URDGDFUH&LW\´ZKLFKZDVSURSRVHGE\:ULJKW LQV :ULJKWDQGFHQWUDOLVPLV
UHSUHVHQWHGE\ WKH³5DGLDQW&LW\´ZKLFKZDVSURSRVHGE\&RUEXVLHU LQ &RUEXVLHU
7KXV FHQWUDOLVHG DQG GHFHQWUDOLVHG XUEDQ OD\RXWV DQG GHYHORSPHQW KDYH EHHQ GLVFXVVHG
WKURXJKRXW WKHZHVWHUQ LQGXVWULDO UHYROXWLRQSHULRGDQGKLJKO\GHEDWHG&XUUHQWO\XUEDQVSDWLDO
SDWWHUQV KDYH EHFRPH LQFUHDVLQJO\ GLYHUVH DQG FRPSOH[ 7KH IRUPDWLRQ RI FRPSOH[ VSDWLDO
³K\EULGV VXFK DV PHWURSROLWDQ H[SDQVLRQ XUEDQ LQGXVWULDO UHORFDWLRQ DQG XUEDQ UHJLRQDO
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LQWHJUDWLRQ UHVXOW LQ XQFKHFNHG XUEDQ H[SDQVLRQ EH\RQG WKH RULJLQDO IUDPHZRUN $O
5DZDVKGHK DQG 6DOHK  1HJDWLYH FRQVHTXHQFHV WKDW LQFOXGH YDULRXV GHJUHHV RI
ODQGVFDSH HFRORJLFDO FRUULGRU EUHDNGRZQ DQG DJJUDYDWHG XUEDQ SROOXWLRQ KDYH DWWUDFWHG
LQFUHDVLQJ DWWHQWLRQ WKURXJKRXW VRFLHW\ %RWHTXLOKD /HLWmR DQG $KHUQ  7R DFKLHYH
VXVWDLQDEOHDQGKHDOWK\XUEDQGHYHORSPHQWUHVHDUFKHUVKDYHXVHGQXPHURXVWRROVLQFOXGLQJ
FHOOXODU DXWRPDWD 7RUUHQV DQG 2
6XOOLYDQ  +H HW DO  /HDR HW DO  DQG
QHXUDO-QHWZRUNPRGHOV;LDDQG*DU-2QLQSUHGLFWLYHDQGVLPXODWLYHVWXGLHVRIXUEDQ
OD\RXWV$OWKRXJKVXFKGLVFXVVLRQVLQFOXGHODQG-XVHHFRQRP\DQGHPSOR\PHQWUHODWLRQVKLSV
WKH\ODFNTXDQWLWDWLYHVLPXODWLRQVRIXUEDQODQGVFDSHHFRORJ\DQGFDQQRWEHXVHGWRHYDOXDWH
WKH HFRORJLFDO VXVWDLQDELOLW\ RI D FRPSOH[ GLYHUVH DQG G\QDPLF XUEDQ V\VWHP $QDV HW DO
&XUUHQWO\VWXGLHVRQWKHUHODWLRQVKLSEHWZHHQXUEDQOD\RXWSDWWHUQVDQGRYHUDOOXUEDQ
V\VWHPV DUH VFDUFH HVSHFLDOO\ ZLWK UHJDUG WR G\QDPLF VLPXODWLRQ VWXGLHV DQG TXDQWLWDWLYH
DQDO\VHVRIODQGVFDSHHFRORJLFDOULVN  
,Q WKLV VWXG\ WKHUHIRUH D KLVWRULFDO LQGXVWULDO FLW\ +DUELQ LV XVHG DV DQ H[DPSOH WR
GHWHUPLQH WKH HQYLURQPHQWDO SROOXWLRQ LQGH[ LQGXVWULDO FKDUDFWHULVWLFV LQGH[ ,&,
JUHHQ-ODQG GLVWULEXWLRQ LQGH[ DQG ODQGVFDSH HFRORJLFDO ULVN LQGH[ /(5, EDVHG *,6
ODQGVFDSHLQGH[FDOFXODWLRQVE\VLPXODWLQJWKHHIIHFWVRIIRXUXUEDQOD\RXWVFHQWUDOLVHG
FLW\PRGHOJUHHQFRUULGRUXUEDQPRGHOGHFHQWUDOLVHGFLW\PRGHOVDWHOOLWHFLW\PRGHO
DQGUHVRXUFH-EDVHGGHFHQWUDOLVHGFLW\7KHVLPXODWLRQUHVXOWVDUHXVHGWRLGHQWLI\VXSHULRU
OD\RXWSODQVIRUXUEDQGHYHORSPHQWIDFLOLWDWHWKHLPSURYHGLPSOHPHQWDWLRQRIPDFUR-FRQWURO
RYHUFXUUHQWXUEDQGHYHORSPHQWDQGSURYLGHSODQQLQJJXLGDQFHIRUIXWXUHXUEDQOD\RXWDQG
FRQVWUXFWLRQ7KLVVWXG\DVVXPHV WKDWHFRQRPLFSROLF\RIXUEDQGHYHORSPHQW LVVWDEOHDQG
WKH XUEDQ SRSXODWLRQ LV XQGHU WKH W\SLFDO VWDWH RI FKDQJHV ZLWKRXW WKH LQIOXHQFH RI QDWXUDO
GLVDVWHUVDQGPDMRUFRPPXQLFDEOHGLVHDVHV 
City distribution patterns 
5HVHDUFKHUV DQG RWKHU LQWHUHVWHG SDUWLHV KDYH EHHQ LQYHVWLJDWLQJ XUEDQ GHYHORSPHQW
SDWWHUQVDQGFULWHULDIRUVXVWDLQDEOHXUEDQOD\RXWV6WXGLHVRQXUEDQVSDWLDOOD\RXWVGDWHEDFN
WRVWXGLHVRQOLYLQJVSDWLDOPRGHOVRI0DQFKHVWHUVRFLHW\E\(QJHOVLQWKHWKFHQWXU\DQG
VWXGLHV RQ XUEDQ H[SDQVLRQ SDWWHUQV DQG RULHQWDWLRQV E\ +XUG  DQG *DUSLQ 
³&LWLHVLQ(YROXWLRQ´E\WKHELRORJLVW*HGGHVSODFHGXUEDQDQGUXUDOHFRQRPLHVDQG
HFRORJLFDOSODQQLQJ LQWRRQH V\VWHPDQGXUEDQ VSDWLDO DQG VWUXFWXUDORULHQWDWLRQVEDVHGRQ
WKLV WKHRU\DUHGLYLGHG LQWR WZRPDMRUJURXSV LQFOXGLQJFHQWUDOLVPDV UHSUHVHQWHGE\³7KH
$WKHQV&KDUWHU´ZKLFKZDVSURSRVHGE\&RUEXVLHULQDQGGHFHQWUDOLVPDVUHSUHVHQWHG
E\³%URDGDFUH&LW\´ZKLFKZDVSURSRVHGE\:ULJKWLQ$IWHUWKHVWKH&KLFDJR
VFKRROEXLOW WKUHHFODVVLFPRGHOVRIXUEDQ VSDWLDO VWUXFWXUHVE\DQHFRORJLFDODSSURDFK WKH
]RQDOPRGHOWKHVHFWRUDOPRGHODQGWKHPXOWLSOHQXFOHLPRGHO 
,QPRGHUQ DJHV XUEDQGHYHORSPHQW DQG IUHTXHQW FRUUHFWLRQV DQGXSGDWHVRI WKH WKUHH
FODVVLF PRGHOV E\ YDULRXV VFKRODUV KDYH OHG WR WKH FUHDWLRQ RI PXOWLSOH QHZ XUEDQ VSDWLDO
OD\RXW PRGHOV VXFK DV WKH HFOHFWLF WKHRU\ E\ (ULFNVHQ LQ  DQG WKH FRQFHQWULF VHFWRU
WKHRU\E\0DQQ LQ7KHVH WKHRULHV ODLG WKH IRXQGDWLRQRI FHQWUDOLVHGPXOWLSOH VHFWRUV
-LDQ;X	-LDQ.DQJ-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW  >'2,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DQGPXOWLSOH-QXFOHLXUEDQGHYHORSPHQWDQGWKLV³XUEDQVSUDZO´SDWWHUQLVWKHEDVLFSDWWHUQIRUWKH
PDMRULW\RIFLWLHV7KHWKHRUHWLFDOPRGHOLVVKRZQLQ)LJXUHDDQGDFRQYHQWLRQDOXUEDQOD\RXW
PRGHOH[HPSOLILHGE\%HLMLQJLQ&KLQDLVVKRZQLQ)LJXUHHDQGLWUHSUHVHQWVWKHEDVLFOD\RXW
SDWWHUQRIFRQYHQWLRQDOPHWURSROLVHVXQGHU W\SLFDOGHYHORSPHQW ,Q0QVWHU&LW\&RXQFLO
EXLOWWKH³0QVWHU*UHHQ6SDFH2UGLQDQFH´ZLWKVHYHQJUHHQFRUULGRUVDQGWKUHHJUHHQULQJVLQD
VLQJOHV\VWHPZKLFKZDVWKHILUVWH[DPSOHRIFRQWLQXRXVJUHHQODQGVEHWZHHQFRQVWUXFWLRQEORFNV
LQ D FHQWUDOLVHG FLW\ 7KHQ PDQ\ XUEDQ GHVLJQHUV EHJDQ D EROG DWWHPSW VXFK DV 8QZLQ
V DQG
$EHUFURPELH
V SODQV IRU /RQGRQ DQG WKH FRQFHSW RI DQ ³XUEDQJUHHQ FRUULGRU´ SODQQLQJ PRGHO
ZDVIDVWGHYHORSHGLQPDQ\UDSLGO\H[SDQGLQJFLWLHV7KHWKHRUHWLFDOPRGHOLVVKRZQLQ)LJXUHE
DQG LW HQVXUHV WKH FRQQHFWLYLW\RI HFRORJLFDO FRUULGRUVGXULQJSODQQLQJ DQG LV DQ LGHDO SODQQLQJ
SDWWHUQ)LJXUHIWRJXDUDQWHHVXVWDLQDEOHGHYHORSPHQWRIXUEDQHFRV\VWHPVDQGKD]HFRQWUROLQ
GHYHORSLQJFRXQWULHV'RXJODV,Q8QZLQFODULILHGWKHGHILQLWLRQVRIGHFHQWUDOLVHGDQG
VDWHOOLWHFLWLHVLQWKH,QWHUQDWLRQDO8UEDQ&RQIHUHQFHLQ$PVWHUGDPDQGWKHWKHRUHWLFDOPRGHOLV
LOOXVWUDWHGLQ)LJXUHF7KLVPRGHOKDVEHHQZLGHO\DGRSWHGE\QXPHURXVPDMRUFLWLHVDQGIURP
WRGRUPLWRU\WRZQVZHUHFRQVWUXFWHGDFFRUGLQJWRDVXEXUEOLYLQJFRQVWUXFWLRQSODQ
 NP DZD\ IURP WKH FHQWUH RI 3DULV ZKLFK HIIHFWLYHO\ PLWLJDWHG WKH SUREOHPV RI KLJKO\
FRQFHQWUDWHGSRSXODWLRQVDQGODQGVKRUWDJHVLQXUEDQFHQWUDODUHDV,Q)LQQLVKDUFKLWHFW(OLHO
6DDULQHQ SODQQHG WKH GHFHQWUDOLVDWLRQ RI *UHDWHU 7DOOLQ (VWRQLD *UHDWHU +HOVLQNL DQG WKH
1HWKHUODQGV LQ WKH *UHDWHU +HOVLQNL SODQ 6DDULQHQ  EDVHG RQ WKH WKHRU\ RI ³2UJDQLF
'HFHQWUDOLVDWLRQ´SURSRVHGE\6DDULQHQLQ$VVKRZQLQ)LJXUHJWKLVSDSHUXVHV7DOOLQQ
DQG(VWRQLDDVH[DPSOHVWRLOOXVWUDWHFKDQJHVLQWKHFLW\IURPWKHRULJLQDOPRGHOWRDUHFRQVWUXFWHG
PRGHODIWHUGHFHQWUDOLVHGSODQQLQJ6XFKOD\RXWFKDQJHVQRUPDOO\UHTXLUHDVLJQLILFDQWDPRXQWRI
WLPHDQGLQYHVWPHQWDQGWKH\DUHQRYHOLQWHJUDWLRQGLUHFWLRQVIRURYHUDOOXUEDQDQGUXUDOSODQQLQJ
$KHUQ7KHUHIRUHVWXGLHVRQWKHHFRORJLFDOULVNDUHRIVLJQLILFDQWSUDFWLFDOLPSRUWDQFH,Q
DGGLWLRQLUUHJXODUDQGGHFHQWUDOLVHGSDWWHUQVLQFLWLHVIRUPHGQDWXUDOO\DURXQGUHVRXUFHVVXFKDV
RLOV DQG PLQHUDOV DUH NQRZQ DV UHVRXUFH-EDVHG GHFHQWUDOLVHG SDWWHUQV -LQJ  DQG WKH
WKHRUHWLFDO PRGHO LV VKRZQ LQ )LJXUH G $V VKRZQ LQ )LJXUH K 5LFKDUG 5HJLVWHU¶V SODQ IRU
JUDGXDO GHFHQWUDOLVDWLRQ RI %HUNHOH\ &DOLIRUQLD LV XVHG LQ WKLV SDSHU WR LOOXVWUDWH WKH FRPPRQ
OD\RXWSDWWHUQLQUHVRXUFH-EDVHGFLWLHVEXLOW-XSDUHDVLQVXFKFLWLHVKDYHLUUHJXODUOD\RXWSDWWHUQV
DURXQGUHVRXUFHV 
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)LJXUH)RXUOD\RXWSDWWHUQVRIFRQWHPSRUDU\FLWLHV)LJXUHDFHQWUDOLVHGPXOWLSOHQXFOHLPRGHO
)LJXUHEJUHHQ-FRUULGRUXUEDQPRGHO)LJXUHFGHFHQWUDOLVHGFLW\PRGHOVDWHOOLWHFLW\PRGHO
DQG)LJXUHGUHVRXUFH-EDVHGFLW\PRGHO6RXUFHRIH[DPSOHV)LJXUHH&LW\OD\RXWRI%HLMLQJ
&KLQD)LJXUHI2UGLQDQFHIRU*UHHQ6SDFHVDQG(QYLURQPHQWDO3URWHFWLRQ0QVWHU&LW\
&RXQFLO)LJXUHJ(OLHO6DDULQHQ
VSODQIRUWKHGHFHQWUDOLVDWLRQRI*UHDWHU7DOOLQ(VWRQLD)LJXUH
K5LFKDUG5HJLVWHU
VSODQIRUJUDGXDOGHFHQWUDOLVDWLRQRI%HUNHOH\&DOLIRUQLD 
,QVXPPDU\EDVHGRQWKHDERYHEULHIRYHUYLHZRIWKHXUEDQGHYHORSPHQWSDWWHUQVLWLV
VXJJHVWHG WKDWFXUUHQWXUEDQSDWWHUQVSULPDULO\ LQFOXGH IRXU OD\RXWPRGHOVPXOWLSOHQXFOHL
FHQWUDOLVHG PRGHO JUHHQ-FRUULGRU XUEDQ PRGHO GHFHQWUDOLVHG XUEDQ PRGHO VDWHOOLWH FLW\
PRGHO DQG UHVRXUFH-EDVHG FLW\ PRGHO $ QXPEHU RI VWXGLHV KDYH LQYHVWLJDWHG GLVWULEXWLRQ
SODQQLQJ WRFKDQJH OD\RXWPRGHOVRIYDULRXVFLWLHV WR UHGXFHXUEDQSROOXWLRQDQGPDLQWDLQ
HFRORJLFDOO\ VXVWDLQDEOH GHYHORSPHQW RI XUEDQ ODQGVFDSHV +RZHYHU LQYHVWLJDWLRQV
SHUIRUPLQJDG\QDPLFFRPSDULVRQRIWKHIRXUOD\RXWSDWWHUQVIRUWKHVDPHFLW\KDYHQRWEHHQ
SHUIRUPHG$VDUHVXOWWKHUHLVDODFNRITXDQWLWDWLYHYHULILFDWLRQUHJDUGLQJWKHOD\RXWPRGHO
WKDWKDVWKHORZHVWHFRORJLFDOULVNDQGWKHPRGHOWKDWLVPRVWVXLWDEOHIRUVXVWDLQDEOHXUEDQ
GHYHORSPHQW ,W LV QRWHG WKDW DOWKRXJK WKH DERYH UHYLHZRI WKH W\SLFDOXUEDQ GHYHORSPHQW
SDWWHUQVLVQRWH[KDXVWLYHWKHH[WUDFWHGSDWWHUQVZRXOGEHXVHIXOIRUWKHFRPSDULVRQLQWHUPV
RIHFRORJLFDOO\VXVWDLQDEOHGHYHORSPHQW 
,Q&KLQDXQWLO WKHXUEDQLVDWLRQUDWHKDVLQFUHDVHGWR;XHWDODQG
WKH FRUUHVSRQGLQJ XUEDQ VSDWLDO OD\RXWV EHFRPH LQFUHDVLQJO\ GLYHUVLILHG DQG FRPSOLFDWHG
7KH H[SDQVLRQ RI K\EULG XUEDQ FRPSOH[ VSDFHV EUHDNWKURXJK WKH RULJLQDO IUDPHZRUNV
PDNLQJPXOWLSOHQXFOHL FHQWUDOLVHGPRGHO DFFRXQWHG IRUPRUH WKDQRI XUEDQSDWWHUQV
IDFHG ZLWK WKH ULVN RI HFRORJLFDO DQG HQYLURQPHQWDO SROOXWLRQ &XL DQG :X 
&RUUHVSRQGLQJO\WKLVXUEDQVSDWLDOOD\RXWPRGHOLVFRQVLGHUHGWKHPRVWLPSRUWDQWRQHLQWKLV
VWXG\ 2Q WKH RWKHU KDQG JUHHQ-FRUULGRU XUEDQ PRGHO DQG GHFHQWUDOLVHG XUEDQ PRGHO
VDWHOOLWHFLW\PRGHO WDNH WKHPLQRULW\SURSRUWLRQDQGUHVRXUFH-EDVHGFLW\PRGHO LVDOVRD
W\SLFDO VSDWLDO OD\RXW PRGHO %H\RQG WKDW XUEDQ DJJORPHUDWLRQ GHYHORSPHQW FDQ DOVR EH
-LDQ;X	-LDQ.DQJ-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW  >'2,$6&(83-@ 
-- 
-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW9ROXPH3DJHV- 
UHJDUGHGDVDVSDWLDOIRUPRIXUEDQGHYHORSPHQW-LQJDOWKRXJKLWLVQRWHGWKDWWKLVVWXG\
IRFXVHGRQLQGLYLGXDOFLWLHV 
$W\SLFDOFLW\LQWKLVVWXG\LVZLWKSRSXODWLRQRYHUZLWKODQG-XVHLQFOXGLQJDWOHDVW
LQGXVWULDO ODQG SDWFKHV ,/3 XUEDQ ODQG SDWFKHV 8/3 ZDWHUSDWFKHV :3 $EDQGRQHG /DQG
3DWFKHV$/3DQGJUHHQ-ODQGSDWFKHV*/3DQGZLWKUHVLGHQWVDOOZRUNLQJLQWKHFLW\DUHD 
Urban ecological risk assessment method 
6LPXODWLRQPRGHOOLQJLVWKHSULPDU\DQGPRVWZLGHO\XVHGPHWKRGIRUSHUIRUPLQJHFRORJLFDO
ULVNDVVHVVPHQWV 6XWHU ,Q WKLV VWXG\GHYHORSLQJDQDSSURSULDWH ODQGVFDSHHFRORJLFDO ULVN
DVVHVVPHQWPHWKRGLVSDUWLFXODUO\LPSRUWDQW(FRORJLFDOHQYLURQPHQWDOLQGH[YDULDWLRQVEDVHGRQ
ODQGVFDSH SDWWHUQV DUH FRPSUHKHQVLYH LQGLFDWRUV RI HFRORJLFDO HQYLURQPHQW V\VWHPV LQ UHJLRQV
DIIHFWHGE\ERWKQDWXUDODQGDQWKURSRJHQLFIDFWRUV7LVFKHQGRUIDQGWKH\EHORQJWRPXOWLSOH
ULVN VRXUFH HFRORJLFDO ULVN DVVHVVPHQWV 6XWHU  7KLV VWXG\ LV EDVHG RQ WKH 5HODWLYH 5LVN
0RGHODUHJLRQDOHFRORJLFDOULVNDVVHVVPHQWPHWKRGFUHDWHGE\WKH$PHULFDQUHVHDUFKHUV/DQGLV
DQG:HJHUVLQ/DQGLVDQG:LHJHUV7RGHWHUPLQHFRUUHODWLRQVEHWZHHQDQWKURSRJHQLF
DFWLYLWLHV DQG ODQGVFDSH HFRORJLFDO ULVNV DQG DVVHVV XUEDQ HFRORJLFDO ULVNV LQ D PRUH
FRPSUHKHQVLYHPDQQHU WKLVVWXG\FRQVLGHUV WZRPDMRU ODQGVFDSHSDWWHUQSDUDPHWHUV7KRVHWZR
SDUDPHWHUV QDPHO\ ODQGVFDSH FKDUDFWHULVWLF LQGLFHV DQG ODQGVFDSH GLVWULEXWLRQ LQGLFHV
LQFRUSRUDWLQJHFRORJLFDOHQYLURQPHQWDOLQGLFHVDUHXVHGWRREWDLQWKHRYHUDOOHFRORJLFDOULVNLQGH[
E\XVLQJWKHDUHDUDWLRRISDWFKFRPSRQHQWVZKLFKLVFDOFXODWHGDVIROORZV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ZKHUH(5NLVWKHHFRORJLFDOULVNLQGH[1LVWKHTXDQWLW\RISDWFKFRPSRQHQWW\SHV6NLLVWKH
DUHDRIWKHLWKSDWFKDQG6LLVWKHWRWDOXUEDQDUHD,WLVQRWHGWKDWNUHSUHVHQWVIRXUXUEDQSDWWHUQ
PRGHOVN DQGLUHSUHVHQWVWKHODQG-XVHW\SHLQDOOWKHIRUPXODVRIWKLVSDSHUL 
 
7KH VL[ W\SLFDO LQGLFHV RI ODQGVFDSH XQLW FKDUDFWHULVWLFV SURSRVHG E\ 5LLWWHUV DQG 2¶1HLO
ZKLFK KDYH EHHQ VKRZQ WR KDYH JHQHUDO VLJQLILFDQFH 5LLWWHUV HW DO  ZHUH XVHG WR GHULYH
WKUHHODQGVFDSHLQGLFHV3DWFKHV1XPEHU13DWFKHV$JJUHJDWLRQ$DQG3DWFKHV)UDJPHQWDWLRQ
'HJUHH ) 7KHVH LQGLFHV DUH WKH PRVW GHVWUXFWLYH ZLWK UHJDUG WR HQYLURQPHQWDO ODQGVFDSH
FKDUDFWHULVWLFVDQGHFRORJ\DQGWKHPRVWUHSUHVHQWDWLYHLQGLFHVKDYHEHHQVHOHFWHGWRUHSUHVHQWWKH
LPSDFWRIXUEDQFRQVWUXFWLRQRQODQGVFDSHSDWWHUQV7KHVHLQGLFHVDUHDFFUXHGWRUHIOHFWWKHGHJUHH
RI LQWHUIHUHQFH E\ KXPDQ GHYHORSPHQW DFWLYLWLHV ZLWK HFRV\VWHPV UHSUHVHQWHG E\ GLIIHUHQW
ODQGVFDSHV$IWHU1$DQG)DUHQRUPDOLVHGWKHLQGXVWULDOFKDUDFWHULVWLFVLQGH[FDQEHH[SUHVVHG
DVWKHIROORZV  
i i i iE aN bA cF                                     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-LDQ;X	-LDQ.DQJ-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW  >'2,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-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW9ROXPH3DJHV- 
ZKHUH (L UHSUHVHQWV WKH ODQGVFDSH SDWWHUQ LQGH[ DIIHFWHG E\ KXPDQV (L
$FFRUGLQJWRWKHIRUPXODHE\/LXHWDORQWKHODQGVFDSHHFRORJLFDOULVNDVVHVVPHQW
PHWKRGDEFDUHJLYHQZHLJKWVRIDQGUHVSHFWLYHO\7KLVPHWKRGLVDOVRLQOLQH
ZLWKRWKHUWKHRUHWLFDOGLVFXVVLRQV+DNDQVRQ*LOHVDQG7UDQL$VHQVLWLYLW\WHVW
PDGHIRU(LE\YDU\LQJWKHZHLJKWLQJRIDEFE\VKRZVWKDWWKHYDULDWLRQLQ(LLVOHVV
WKDQLQWKHSHULRGRI-,QWXUQWKHFKDQJHVLQWKHRYHUDOOUHVXOWVLQWKHV\VWHP
G\QDPLFV PRGHO FDXVHG E\ SRVVLEOH YDULDWLRQ RI WKH DERYH ZHLJKWLQJV ZRXOG DOVR EH
QHJOLJLEOH  
6LPLODUO\ WKH HFRV\VWHP YXOQHUDELOLW\ LQGH[ UHSUHVHQWV WKH YXOQHUDELOLW\ RI YDULRXV
HFRV\VWHPVDQG LW LV UHODWHG WR WKH ODQGVFDSHHYROXWLRQSURFHVV VWDJH &KHQDQG3DQ
7KH ODQGVFDSH GLVWULEXWLRQ LQGH[ * LQFOXGHV WKUHH ODQGVFDSH LQGLFHV WKDW DUH WKH PRVW
UHSUHVHQWDWLYH RI WKH JUHHQ DUHD ODQGVFDSHV LQFOXGLQJ WKH DGMDFHQW H[SRQHQWLDO GLVWULEXWLRQ
-IUDFWDOLQGH[,DQGODQGVFDSHDUHDUDWLR5$IWHUWKHUHQRUPDOLVDWLRQRI(,DQG5WKH
ODQGVFDSHGLVWULEXWLRQLQGH[FDQEHH[SUHVVHGDVIROORZV 
i i i iG dJ eI fR                                       
ZKHUH*LUHSUHVHQWVWKHODQGVFDSHGLVWULEXWLRQLQGH[DIIHFWHGE\KXPDQV*L%\
XVLQJ WKH VDPHFDOFXODWLRQPHWKRGRI (T GH IDUHJLYHQZHLJKWVRIDQG
UHVSHFWLYHO\  
7KHUHODWLYHDLUSROOXWLRQLQGH[$3,+LVWKHPRVWLPSRUWDQWHQYLURQPHQWDOLQGH[RI
XUEDQHFRORJLFDOULVN-DLQDQG.KDUH%DVHGRQLQYHVWLJDWLRQVRI WKHHIIHFWRIKXPDQ
DFWLYLWLHVRQODQGVFDSHV6XWHUWKLVVWXG\XVHVWKHUHODWLYHDLUSROOXWLRQLQGH[DQGSDWFK
SROOXWLRQ LQWHQVLW\ LQGH[ WR UHIOHFW WKH GHJUHH RI LPSDFW FDXVHG E\ XUEDQ FRQVWUXFWLRQ RQ
ODQGVFDSHHYROXWLRQ7KHDLUSROOXWLRQLQGH[SURSRVHGE\%DEFRFN%DEFRFNLVWKHVXP
RI WKH QRUPDOLVHG DQQXDO DYHUDJHV RI 62 VXOSKXU GLR[LGH 12 QLWURJHQ GLR[LGH DQG
30SDUWLFXODWHPDWWHU%DVHGRQILYHODQG-XVHW\SHVDLUSROOXWLRQLQWHQVLW\LQGLFHV2L
KDYHEHHQGHULYHGDQGWKH\UHSUHVHQWWKHHFRORJLFDOYXOQHUDELOLW\RIGLIIHUHQWSDWFKHVDQGDUH
GHILQHGDVOLJKWPHGLXPKLJKLQWHQVLYHDQGH[WUHPHO\LQWHQVLYHH[DPSOHVDUHJUHHQODQG
ZDWHUERGLHVVDOLQH-DONDOLVRLOUHVLGHQWLDOODQGDQGLQGXVWULDOODQGZKLFKKDYHFRUUHVSRQGLQJ
YDOXHVRIDQGUHVSHFWLYHO\%DVHGRQWKHDERYHDQDO\VLVDSURFHVV-EDVHG
HFRORJLFDOHQYLURQPHQWDOLQGH[FDQEHH[SUHVVHGDVIROORZV 
( ) / 2i iP H O                                
ZKHUH3LLVWKHUHODWLYHDLUSROOXWLRQLQGH[ZKLFKLVWKHPRVWLPSRUWDQWHQYLURQPHQWDO
LQGH[RIXUEDQHFRORJLFDOULVN3L 
System dynamics model for urban development 
7KLVSDSHULVEDVHGRQWKHWKHRU\RIDUWLILFLDOFRUULGRUHIIHFWVRQODQGVFDSHHFRORJ\E\
-LDQ;X	-LDQ.DQJ-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW  >'2,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-@ 
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-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW9ROXPH3DJHV- 
)RUPDQ )RUPDQ DQG 'HEOLQJHU  DQG 'UDPVWDG 'UDPVWDG  WKH WKHRU\ RI UHJLRQDO
LQGXVWULDO HFRQRPLHV 'LJLRYDQQD  FRUUHODWLRQV EHWZHHQ LQGXVWULDO UHJLRQV DQG SRSXODWLRQ
YDULDWLRQV E\ :ULJOH\ :ULJOH\  DQG LQYHVWLJDWLRQV RI LQGXVWULDO SROOXWLRQ HQYLURQPHQW LQ
GHYHORSLQJ FRXQWULHV 3DUJDO DQG :KHHOHU  ;X HW DO  ,Q WKH FDVH RI W\SLFDO FLWLHV
LQGXVWULDOGHYHORSPHQWJHQHUDWHVXUEDQV\VWHPHQHUJ\IORZVDVD IRUPRIDUWLILFLDO LQWHUIHUHQFH
DQGVXFKIORZVDUHH[SODLQHGE\WKHHFRQRPLFEHQHILWVRIKLJKO\GHYHORSHGLQGXVWU\ZKLFKDUH
LPSRUWDQWFRPSRQHQWVRIDQXUEDQHFRQRP\,QDGGLWLRQXUEDQV\VWHPHQHUJ\DWWUDFWVSRSXODWLRQV
WRZDUG XUEDQ DUHDV DQG LV WKH SULPDU\ GULYHU IDFWRU RI XUEDQ SROOXWLRQ DQG ODQGVFDSH HFRORJ\
GHVWUXFWLRQ 0RUHRYHU WKH FRQVWUXFWLRQ DQG UHORFDWLRQ RI HQWHUSULVHV FRQVWUDLQ XUEDQ VSDWLDO
OD\RXWV 7KHUHIRUH LQGXVWULDOLVHG FLW\ V\VWHPV DUH GHFRPSRVHG LQWR SRSXODWLRQ VXEV\VWHP
LQGXVWULDO VXEV\VWHP HFRQRPLF LQYHVWPHQW VXEV\VWHP HQYLURQPHQW VXEV\VWHP ODQGVFDSH
HFRORJ\VXEV\VWHPDQGXUEDQGLVWULEXWLRQVXEV\VWHPLQWKLVVWXG\$FDXVDOORRSGLDJUDPIRUWKH
VL[VXEV\VWHPVLVVKRZQLQ)LJXUH 
 
)LJXUH&DXVDOORRSGLDJUDPRIVXEV\VWHPV 
Modelling 
%RWK GHFHQWUDOLVHG DQG FHQWUDOLVHG XUEDQ OD\RXWV IROORZ WKH VDPH XUEDQ FRQVWUXFWLRQ UXOH
%DVHG RQ VXEV\VWHP FODVVLILFDWLRQV DQG IDFWRU DQDO\VLV PHWKRGV IRU XUEDQ JURZWK G\QDPLFV
PRGHOV FUHDWHG XVLQJ V\VWHP G\QDPLFV ;X HW DO  +DQ HW DO  WKLV VWXG\ IXUWKHU
VLPSOLILHVIDFWRUVZLWKLQDVXEV\VWHPLQWKHPRGHO7KLVLVWRLPSURYHWKHJHQHUDOLW\DQGDFFXUDF\
RIWKHPRGHO7KHVXEV\VWHPVDUHGHVFULEHGEHORZ  
3RSXODWLRQ VXEV\VWHP EHORQJV WR D GHYHORSLQJ VXEV\VWHP DQG LV GHWHUPLQHG E\ WKH EDVH
SRSXODWLRQDQGSRSXODWLRQYDULDWLRQUDWHZKLFK LVFRQWUROOHGE\ WKHUDWLRRI ODERXU WR LQGXVWULDO
MREV - DQG OLYHDELOLW\ IDFWRUV /) 8VXDOO\ ZLWKLQ FHUWDLQ HQYLURQPHQWDO FDSDFLW\ ZLWK WKH
LQGXVWULDO GHYHORSPHQW WKH IDFWRULHV FUHDWH PRUH HPSOR\PHQW RSSRUWXQLWLHV DQG WKHQ MRE
UHTXLUHPHQWVDWWUDFWLQFUHDVHLQXUEDQSRSXODWLRQ(YHQLIWKHUHDUHDIHZSHRSOHPRYLQJRXWIRU
VRPH RWKHU UHDVRQV DW WKH VDPH WLPH LQ JHQHUDO WKH RYHUDOO UHODWLRQVKLS EHWZHHQ LQGXVWU\ DQG
SRSXODWLRQZLOOSUHVHQWDSRVLWLYHRQHDQGWKLVKDVEHHQDSSOLHGLQDQXPEHURIV\VWHPG\QDPLFV
PRGHO˄+DQHWDO;XHWDO6WHUPDQ)RUGDQG6WHUPDQ+RZHYHUZKHQ
-LDQ;X	-LDQ.DQJ-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW  >'2,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-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW9ROXPH3DJHV- 
WKHHQYLURQPHQWDOSROOXWLRQEHFRPHVVRH[FHVVLYHWKDWXUEDQOLYHDELOLW\LVUHGXFHGLQFUHDVHV
LQWKHWRWDOSRSXODWLRQ73ZLOOFHDVHDOWKRXJKWKLVDVVHUWLRQPD\QRWEHWUXHLQDOOSODFHV
E\FRQVLGHULQJ WKRVHZKRGRQRWKDYHDQRSWLRQ WRPRYHRXW1HYHUWKHOHVV WKLV LVQRW WKH
FDVH LQ WKH W\SLFDO FLWLHV H[DPLQHG LQ WKLV VWXG\ 3RSXODWLRQ VXEV\VWHPV DUH OLQNHG WR
HFRQRPLF LQYHVWPHQW VXEV\VWHPV YLD HQYLURQPHQWDO SURWHFWLRQ LQYHVWPHQW SHU FDSLWD
(3,3& DQG WKH\ DIIHFW ODQGVFDSH SDWFKHV WKURXJK JUHHQ-ODQG FRQVWUXFWLRQ DQG ODQG
PDQDJHPHQWZKLFKVXEVHTXHQWO\DIIHFWVWKHGHYHORSPHQWRIODQGVFDSHHFRORJ\VXEV\VWHPV 
,QGXVWULDO VXEV\VWHP EHORQJ WR GULYHU V\VWHPV DQG WKH WRWDO QXPEHU RI HQWHUSULVHV LV
DIIHFWHG E\ HQWHUSULVH YDULDWLRQ UDWHV YHUVXV WLPH ZKHUH WKH QXPEHU RI HQWHUSULVHV RQO\
LQFOXGHV ODUJH- DQG PHGLXP-VL]HG HQWHUSULVHV OLVWHG LQ JRYHUQPHQWDO DQQXDO UHSRUWV 7KH
DFWLYLWLHVRIHQWHUSULVHSURGXFWLRQDQGPDQDJHPHQWFUHDWHYDOXHLQDQGLQFUHDVHWKHZHDOWKRI
WKHHQWLUHVRFLHW\WKURXJKWKHFRQWLQXRXVJURZWKRIUHJLRQDOJURVVGRPHVWLFSURGXFW*'3
JURZWK RI HQWHUSULVH VFDOH DQG LQFUHDVHV LQ SURILW WKURXJK UH-LQYHVWPHQW 7KH PRVW GLUHFW
UHIOHFWLRQ RI QDWXUDO HQYLURQPHQW GDPDJH DQG H[FHVVLYH UHVRXUFH FRQVXPSWLRQ GXULQJ
HQWHUSULVH GHYHORSPHQW LV JURZWK UHODWLYH WR HQYLURQPHQWDO SROOXWLRQ DQG GHFOLQLQJ
HQYLURQPHQWDO FDSDFLW\ (YHQWXDOO\ HQYLURQPHQWDO SROOXWLRQ FRXOG EH FRQWUROOHG E\
LQFUHDVLQJ WKH WRWDO DPRXQW RI LQYHVWPHQWV LQ HQYLURQPHQWDO SURWHFWLRQ 7KH HIIHFW RI
LQGXVWULDO VXEV\VWHPV RQ ODQGVFDSH SDWFKHV LV UHIOHFWHG LQ SDWFK SDWWHUQ YDULDWLRQV DQG
ODQGVFDSHLQGH[YDULDWLRQV 
(FRQRPLF LQYHVWPHQW VXEV\VWHP LV FRQWURO VXEV\VWHPV DQG LQGXVWULDO LQYHVWPHQW ,,
DQG WRWDO HQYLURQPHQWDO SURWHFWLRQ LQYHVWPHQWV FDQ EH UHJDUGHG DV WZR PDLQ IDFWRUV WKDW
DIIHFWWKHUHJLRQDO*'3,QGXVWULDOLQYHVWPHQWGLUHFWO\DIIHFWVWKHWRWDOQXPEHURIHQWHUSULVHV
DQGSDWWHUQRI LQGXVWULDO ODQGSDWFKHVZKLOH WRWDOHQYLURQPHQWDOSURWHFWLRQ LQYHVWPHQWVDUH
DIIHFWHGE\UHJLRQDO*'3DQGGHWHUPLQHGE\LQYHVWPHQWUDWHYDULDWLRQVZKLFKDUHOLQNHGWR
RWKHUV\VWHPVE\FDSLWDOHQHUJ\IORZ7RWDOHQYLURQPHQWDOSURWHFWLRQ LQYHVWPHQWVDQG WRWDO
SRSXODWLRQ ZRXOG DIIHFW WKH UHODWLYH HQYLURQPHQWDO SROOXWLRQ WKURXJK HQYLURQPHQWDO
SURWHFWLRQLQYHVWPHQWVSHUFDSLWDDQGWRWDOHQYLURQPHQWDOSURWHFWLRQLQYHVWPHQWVFRXOGIXQG
JUHHQ-ODQG FRQVWUXFWLRQ DQG VDOLQH-DONDOL VRLO PDQDJHPHQW DQG SURPRWH DUWLILFLDO FRQWURO
RYHUXUEDQODQGVFDSHSDWWHUQV 
(QYLURQPHQWVXEV\VWHPEHORQJWRWKHFRQVWUDLQLQJV\VWHPDQGDWWKHLUFRUHLVUHODWLYH
HQYLURQPHQWDOSROOXWLRQUHODWLYHSROOXWLRQLVWKHVXPRIWKH&2'FKHPLFDOR[\JHQGHPDQG
RI SROOXWHG ZDWHU DWPRVSKHULF 62 FRQWHQW DQG DQQXDOO\ SURFHVVHG FRDO JDQJXH DIWHU
QRUPDOLVDWLRQ,QFRQMXQFWLRQZLWKODQGVFDSHHFRORJLFDOULVNLQGLFHVUHODWLYHHQYLURQPHQWDO
SROOXWLRQFRQVWUDLQV WKHFRQWLQXRXVH[SDQVLRQRISRSXODWLRQVDQGHQWHUSULVHVYLD OLYHDELOLW\
DQG HQYLURQPHQWDO FDSDFLW\ DQG LW LV FRQWUROOHG E\ HFRQRPLF LQYHVWPHQWV DQG IRUPV DQ
LQGLUHFWIHHGEDFNORRSZLWKXUEDQOD\RXWSDWWHUQV 
/DQGVFDSHHFRORJ\VXEV\VWHPLVDQDVVHVVPHQWVXEV\VWHPXVHG WRPHDVXUHHFRORJLFDO
ULVN /DQG FDQ EH FODVVLILHG DV LQGXVWULDO ODQG SDWFKHV XUEDQ ODQG SDWFKHV ZDWHU ERG\
SDWFKHVZDVWH ODQGSDWFKHVDQGJUHHQ-ODQGSDWFKHV3UHYLRXVO\SURSRVHGODQGVFDSHSDWWHUQ
LQGLFHVWKDWDUHVHQVLWLYHWRLQWHUIHUHQFHDUHVXPPDULVHGDQGDQXUEDQODQGVFDSHHFRORJLFDO
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ULVN DVVHVVPHQW V\VWHP LV FUHDWHG 7KH DVVHVVPHQW DQG TXDQWLILFDWLRQ PHWKRG DUH GHVFULEHG LQ
6HFWLRQ 
8UEDQ GLVWULEXWLRQ VXEV\VWHP EHORQJ WR WKH DVVXPHG VXEV\VWHP DQG WKURXJK DVVXPHG
DGMXVWPHQWVWRODUJHFRQFHQWUDWLRQVRIXUEDQSDWFKHVWKLVVXEV\VWHPDIIHFWVWKHWRWDOXUEDQDUHD
WRWDOXUEDQJUHHQ-ODQGDQGODQG-W\SHVSDWLDOSDWWHUQV7KXVXUEDQGLVWULEXWLRQVXEV\VWHPVDIIHFW
ODQGVFDSH HFRORJ\ VXEV\VWHPV LQ FRQMXQFWLRQ ZLWK RWKHU VXEV\VWHPV 7KLV VWXG\ VLPXODWHV WKH
V\VWHPGHYHORSPHQWDQGYDULDWLRQRIIRXUXUEDQOD\RXWPRGHOVWKHFHQWUDOLVHGPRGHOWKHXUEDQ
JUHHQFRUULGRUPRGHOWKHGHFHQWUDOLVHGPRGHODQGWKHUDQGRPO\GHFHQWUDOLVHGPRGHO 
7R JXDUDQWHH WLPH FRQWLQXLW\ DQG UHODWLYH VWDELOLW\ GXULQJ V\VWHP RSHUDWLRQV WKH V\VWHP
RSHUDWLRQSHULRGLVVHWWRRQH³ILYH\HDUSODQ´-DQGYDOXHVIURPWKLVUDQJHDUHXVHGWR
PLQLPLVH WKH LPSDFW RI SROLFLHV RQ WKH PRGHO 9HQVLP '66 VRIWZDUH 9HQWDQD 6\VWHPV ,QF
+DUYDUG0$86$LVXVHGWREXLOGWKHRYHUDOOV\VWHPG\QDPLFVPRGHOIURPWKHDIRUHPHQWLRQHG
VXEV\VWHPIDFWRUVDQGFRUUHVSRQGLQJFRUUHODWLRQVVKRZQLQ)LJXUH,WLVQRWHGWKDWWKHPRGHO
HTXDWLRQVDUHOLVWHGLQWKHDSSHQGL[  
-LDQ;X	-LDQ.DQJ-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW  >'2,$6&(83-@ 
-- 
-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW9ROXPH3DJHV- 
 
)LJXUH2YHUDOOV\VWHPG\QDPLFVPRGHORIXUEDQGHYHORSPHQW 
Model verification 
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%HFDXVHRIOLPLWHGHTXDWLRQHGLWLQJIXQFWLRQVLQFXUUHQWVRIWZDUHSURJUDPVLQHYLWDEOHHUURUV
DUHJHQHUDWHGZKHQWKHPRGHOLVUXQ%DVHGRQYDOLGDWLRQPHWKRGVRIV\VWHPG\QDPLFPRGHOOLQJ
UHSRUWHGLQYDULRXVSUHYLRXVVWXGLHV)RUUHVWHUDQG6HQJH3HWHUVRQDQG(EHUOHLQDQG
XVLQJ +DUELQ DV D WHVW VLWH DVVXPLQJ WKDW WKH XUEDQ DJJUHJDWLRQ LQGH[ LV  WKUHH W\SHV RI
YDOLGDWLRQZHUHSHUIRUPHGWRIXOO\YDOLGDWHDQGPDNHXSWKHSRVVLEOHGHIHFWVRIUHODWLYHO\VKRUWHU
FDOLEUDWHGWLPH\HDUV7KHVHLQFOXGHKLVWRULFDOGDWDYDOLGDWLRQZKLFKFRQILUPVWKHREMHFWLYLW\
RI VLPXODWLRQ GDWD LQ WKH PRGHOOLQJ SURFHVV VWUXFWXUDO YDOLGDWLRQ ZKLFK FRQILUPV WKH ORJLF RI
PRGHO VLPXODWLRQ PRGHOV GHIHFW GHWHFWLRQ DQG H[SODLQV WKH WLPH GHOD\ RI D V\VWHP DQG
VLPXODWLRQ YDOLGDWLRQ ZKLFK FKHFNV WKH HUURUV EHWZHHQ WKH SUHGLFWHG GDWD DQG DFWXDO GDWD RI
YDULRXVV\VWHPIDFWRUV;XHWDO  
,Q SDUWLFXODU WR YHULI\ WKDW WKH IRUPXODH HVWDEOLVKHG DQG V\VWHP UHJUHVVLRQV LQ WKH
LPSOHPHQWDWLRQRIWKHPRGHOGHYHORSHG\LHOGYDOXHVWKDWDUHVXIILFLHQWO\FORVHWRDFWXDOKLVWRULFDO
YDOXHVJURXSVRIHIIHFWLYHGDWDLQWKLVPRGHOZHUHYDOLGDWHG2YHUWKHILYH\HDUVIURPWR
 WKH HUURU UDWH LQ WKHPRGHORSHUDWLRQSURFHVV LVZKLFK LV OHVV WKDQ WKHDFFHSWDEOH
PD[LPXP RI  6WHUPDQ  $ VWUXFWXUDO WHVW RI WKH PRGHO ZDV FRQGXFWHG E\ XVLQJ D
UDQGRPO\VHOHFWHGURXWHLQYROYLQJWKHVL[VXEV\VWHPVWRGHWHFWDQ\SRVVLEOHGHIHFWLQWKHPRGHO
VWUXFWXUH%DVHGRQWKHUHVXOWVRIWKHVWUXFWXUDOWHVWLWFDQEHFRQFOXGHGWKDWWKHWLPHYDULDWLRQDQG
WKHV\VWHPUDQJHRI WKHPRGHOIRUPDFRPSOHWHFLUFXLWZLWKDWLPHGHOD\DQGPXOWLSOHIHHGEDFN
HIIHFWVZLWK]HURGHIHFW:LWKWKHODQGVFDSHHFRORJLFDOVXEV\VWHPDVWKHRXWSXWVXEV\VWHPWDNLQJ
WKHRWKHUVDVLQSXWVXEV\VWHPVDQGXVLQJGDWDDSUHGLFWLRQZDVPDGHIRUWKHIDFWRUVLQWKH
ODQGVFDSH HFRORJLFDO VXEV\VWHP %\ FRPSDULQJ ZLWK DFWXDO GDWD LW FDQ EH REVHUYHG WKDW WKH
SUHGLFWLRQDFFXUDF\LVYHU\JRRGZLWKDQDYHUDJHHUURURIPXFKOHVVWKDQWKHFRPPRQO\
DFFHSWDEOHYDOXHRI)RUGDQG6WHUPDQ 
Case Study 
$FFRUGLQJ WR DERYH DQDO\VLV DQ LQWHUQDWLRQDO PRGHUQLVHG W\SLFDO DQG FHQWUDOLVHG
PXOWL-QXFOHLFLW\VKRXOGEHVHOHFWHGWRYHULI\WKHGDWDDQGPRGHODQDO\VLV+DUELQLVORFDWHGLQWKH
FHQWUDODUHDRIQRUWKHDVW$VLDDQG LW LVDFULWLFDOKLVWRULFDO LQGXVWULDOEDVH LQQRUWKHDVW&KLQDDV
ZHOO DV DQ LQWHUQDWLRQDO FLW\ DQG WKH(XUDVLDQFRQWLQHQWDO EULGJHKXE7KH FLW\KDV DKLVWRU\RI
DSSUR[LPDWHO\  \HDUV DQG LV D ERRPLQJ XUEDQ HFRQRP\ 0RUHRYHU LWV XUEDQ H[SDQVLRQ LV
PRGHUQLVHGDQGLWKDVGLYHUVHDQGFRPSUHKHQVLYH ODQG-XVHW\SHVZLWKDQXUEDQDUHDRI
NPDQGDSRSXODWLRQRIPLOOLRQ$ULYHUUXQVWKURXJKWKHFHQWUHRIWKHFLW\DQGVXE-UHJLRQ
FHQWUHVDUHFOHDUO\GHOLQHDWHG7KHXUEDQVL]HLVPRGHUDWHDQGTXLWHW\SLFDODQGFRPSOHWHUHPRWH
VHQVLQJ VDWHOOLWH LPDJHV IURP  WR  DQG FRPSOHWH XUEDQ V\VWHP GDWD UHVRXUFHV DUH
DYDLODEOHZKLFKHQVXUHVWKHIHDVLELOLW\RIWKHVWXG\,QWKLVVWXG\LVXVHGDVWKH\HDURIWKH
SUHVHQW VWDWH DQG WKHG\QDPLFHYROXWLRQRI WKHXUEDQ VSDWLDO LV HYDOXDWHG IURPGLIIHUHQW DQJOHV
DQGPXOWLSOHGLVFLSOLQHVVXFKDVIURPWKHSRSXODWLRQHFRQRP\SROOXWLRQDQGODQGVFDSHHFRORJ\
RI WKH FXUUHQW VRFLHW\ %DVHG RQ WKH GHYHORSPHQW RI WKH V\VWHP G\QDPLFV PRGHO TXDQWLWDWLYH
PRGHOOLQJ RI YDULRXV XUEDQ OD\RXW PRGHOV LV H[SORUHG DQG WKH XUEDQ ODQGVFDSH HFRORJLFDO
YXOQHUDELOLW\ RI +DUELQ LV VLPXODWHG DQG DQDO\VHG 7KH VLPXODWLRQ SHULRG UXQV WKURXJK 
EHFDXVHGDWDIURP-DUHFRPSOHWHDQGFDQEHXVHGWRFRUUHFWDQGYHULI\WKHDFFXUDF\RI
WKH PRGHO 7KLV VWXG\ DGGUHVVHV ILYH SUHYLRXVO\ SURSRVHG SUDFWLFDO VSDWLDO OD\RXW SDWWHUQV IRU
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XUEDQ GHYHORSPHQW DQG DVVXPHV WKDW LQGH[YDOXHVRI RWKHU GHFLVLRQYDULDEOHV VXFK DV WKH
HFRQRP\SRSXODWLRQDQGODQGFODVVLILFDWLRQIROORZFXUUHQWJURZWKWUHQGVDYHUDJHJURZWKUDWHRI
WRWDO HQWHUSULVHV 7( LV  DQQXDO SRSXODWLRQ JURZWK UDWH LV  DQG HFRQRPLF
JURZWK UDWH LV  9DULDWLRQV RI IXWXUH ODQGVFDSH HFRORJLFDO ULVNV DQG HQYLURQPHQWDO
SROOXWLRQLQUHODWLRQWRGLIIHUHQWSRSXODWLRQPLJUDWLRQSDWWHUQVHQWHUSULVHFRQVWUXFWLRQUDWHV
DQG HQYLURQPHQWDO SURWHFWLRQ LQYHVWPHQWV DUH VLPXODWHG IRU WKH VDPH FLW\ XQGHU WKH IRXU
OD\RXW PRGHOV 7KLV LQFOXGHV WKH FHQWUDOLVHG PRGHO XUEDQ JUHHQ FRUULGRU PRGHO
GHFHQWUDOLVHGPRGHODQGUHVRXUFH-EDVHGGHFHQWUDOLVHGPRGHO:LWKD UHDOFLW\+DUELQDVD
VWDUWLQJ SRLQW IRXU PRGHOV KDYH EHHQ EXLOW DV H[SODLQHG EHORZ ,Q WHUPV RI XUEDQ
PRUSKRORJ\+DUELQLVDFHQWUDOLVHGPXOWL-QXFOHLFLW\ZLWKVHYHQGLVWULFWVZLWKDFRUHLQHDFK
GLVWULFW ,Q WKH PRGHO WKH XUEDQ OD\RXW ZDV FRUUHVSRQGLQJO\ GLYLGHG LQWR VHYHQ SDUWV DQG
QXPEHUHGDFFRUGLQJO\  ?0RGHO WKH FHQWUDOLVHGPRGHOZKLFK LV WKHRULJLQDO DQG FRQYHQWLRQDO FHQWUDOLVHG
XUEDQGHYHORSPHQWPRGHO ?0RGHOWKHXUEDQJUHHQFRUULGRUPRGHOZKLFKJXDUDQWHHVDPLQLPDOZLGWKRI
NP IRU FRUULGRUV EHWZHHQ DFWXDO LQQHU VLWHV LQ WKH ³JUHHQ FRUULGRU ZLWK VHYHQ HYHQO\
GLVWULEXWHGUHJLRQDOSDWFKHVFRQVWLWXWLQJWKHXUEDQJUHHQFRUULGRUPRGHO=KXHWDO ?0RGHO  WKH GHFHQWUDOLVHG FLW\ VDWHOOLWH FLW\ PRGHO ZKLFK HQVXUHV GLVWLQFW
GHFHQWUDOLVHG FKDUDFWHULVWLFV DQG FRQVLGHUV XUEDQ UHDFKDELOLW\ ZLWK VHYHQ UHJLRQDO SDWFKHV
GLVWULEXWHGDWDQDYHUDJHVSDFLQJRINPDYHUDJHGLVWDQFHRINPWRXUEDQFHQWUHWRIRUP
WKHGHFHQWUDOLVHGFLW\VDWHOOLWHFLW\PRGHO*HHWDO 
ĺ0RGHOWKHUHVRXUFH-EDVHGGHFHQWUDOLVHGPRGHOZKLFKLVEDVHGRQYDULRXVDVSHFWV
WKDWLQFOXGHXUEDQDUHDDQGUHJLRQDOHFRQRP\ZLWK'DTLQJNPIURP+DUELQFKRVHQDV
WKHEOXHSULQWIRUWKHUHVRXUFH-EDVHGFLW\7KHDYHUDJHVLWHVSDFLQJLVPDLQWDLQHGDWNP
DQGVHYHQUHJLRQDOSDWFKHVDUHDUUDQJHGDFFRUGLQJWROD\RXWFKDUDFWHULVWLFVDQGSDWFKVSDFLQJ
WRIRUPWKHUHVRXUFH-EDVHGGHFHQWUDOLVHGPRGHO 
7KHSULPDU\WUDQVSRUWV\VWHPVRIVHSDUDWHGSDWFKHVDUHFRQQHFWHG$VVKRZQLQ)LJXUH
H K DQG N DQG UHVLGHQFH DQG HQWHUSULVH GHQVLWLHV DORQJ ERWK VLGHV RI URDGZD\V DUH
GLVWULEXWHG UDQGRPO\ DFFRUGLQJ WR WKH RULJLQDO GHQVLW\ ZLWK WKH UHPDLQGHU EDVHG RQ
DVVXPSWLRQV GHULYHG IURP WKH XUEDQ SXEOLF JUHHQ-ODQGPRGHO 7KH OD\RXW SDWWHUQV RI HDFK
PRGHODUHVKRZQLQ)LJXUH 
-LDQ;X	-LDQ.DQJ-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW  >'2,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83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-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW9ROXPH3DJHV- 
 
)LJXUH  'LDJUDP RI IRXU OD\RXW SDWWHUQV XUEDQ PRGHO )LJXUH D DQG E FHQWUDOLVHG XUEDQ
PRGHO)LJXUHF GDQGHJUHHQFRUULGRUXUEDQPRGHO)LJXUHI JDQGKGHFHQWUDOLVHG
XUEDQPRGHOVDWHOOLWHFLW\PRGHO)LJXUHLMDQGNUHVRXUFH-EDVHGFLW\PRGHO 
Results analysis 
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7KH ILYH-\HDU - ODQGVFDSH LQGLFHV RI WKH FHQWUDOLVHG FLW\ DQG SDWFKHV LQ WKH
GHFHQWUDOLVHGFLW\DUHFDOFXODWHGE\VRIWZDUH)UDJVWDWVDQGWKHDFWXDOKLVWRULFDOGDWDRIRWKHU
V\VWHP IDFWRUV DUH LPSRUWHG LQWR V\VWHP G\QDPLFV PRGHO RI XUEDQ GHYHORSPHQW 7KLV LV
IROORZHGE\PRGHOOLQJFHQWUDOLVHGFLW\PRGHOJUHHQFRUULGRUXUEDQPRGHOGHFHQWUDOLVHGFLW\
PRGHO VDWHOOLWH FLW\ PRGHO DQG UHVRXUFH-EDVHG GHFHQWUDOLVHG FLW\ ZLWK GLIIHUHQW ODQGVFDSH
SDWWHUQLQGLFHV$OWKRXJKWKHGDWDUDQJHVRIWKHLQSXWLQGLFHVKDYHEHHQQRUPDOLVHGLQDVFDOH
EHWZHHQDQGLQWKHV\VWHPG\QDPLFVPRGHOWKHRXWSXWLQGLFHVDUHQRWQHFHVVDULO\ZLWKLQ
GDWDUDQJHRIWR)RUWKHVDNHRIFRQYHQLHQFHLQUHIOHFWLQJDQGFRPSDULQJWKHFKDQJHVRI
SUHGLFWLRQ UHVXOWVDQRUPDOL]DWLRQPHWKRGKDVEHHQDGRSWHGIRU WKRVH LQGLFHV7KHIRUHFDVW
UHVXOWV IURP - ODQGVFDSH LQGLFHV DUH OLVWHG EHORZ DQG WKH VLPXODWLRQ DQG
FRPSDULVRQ RI WKH LQGXVWULDO FKDUDFWHULVWLFV LQGH[ JUHHQ-ODQG GLVWULEXWLRQ LQGH[ ODQGVFDSH
HFRORJLFDO-ULVN LQGH[ DQG HQYLURQPHQWDO SROOXWLRQ LQGH[ RI WKH IRXU PRGHOV DUH VKRZQ LQ
)LJXUH 
-LDQ;X	-LDQ.DQJ-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW  >'2,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-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW9ROXPH3DJHV- 
 
)LJXUH  &RPSDULVRQ DQG VLPXODWLRQ RI FLW\ GLVWULEXWLRQ SDWWHUQ FXUYHV LQFOXGLQJ WKH
UHODWLYH HQYLURQPHQWDO SROOXWLRQ LQGH[ LQGXVWULDO FKDUDFWHULVWLFV LQGH[ JUHHQ-ODQG GLVWULEXWLRQ
LQGH[ DQG HFRORJLFDO ULVN LQGH[ DV VKRZQ IURP D FH DQG J DV ZHOO DV FRUUHODWLRQ
VLPXODWLRQVYHUVXVXUEDQSDWFKVSDFLQJDVVKRZQIURPEGIDQGKIRU-XVLQJ
WKHV\VWHPG\QDPLFVPRGHO 0RGHOFHQWUDOLVHGXUEDQPRGHO0RGHO JUHHQ-FRUULGRUXUEDQ
PRGHO 0RGHO  GHFHQWUDOLVHG FLW\ PRGHO VDWHOOLWH FLW\ PRGHO 0RGHO  UHVRXUFH-EDVHG FLW\
PRGHO 
$V VKRZQ LQ )LJXUH  WKH FKDQJHV RI WKH HQYLURQPHQWDO SROOXWLRQ LQGLFHV DUH UHODWLYHO\
-LDQ;X	-LDQ.DQJ-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW  >'2,$6&(83-@ 
-- 
-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW9ROXPH3DJHV- 
VLJQLILFDQWZKHUHDV WKHFKDQJHVRI LQGXVWULDOFKDUDFWHULVWLFV LQGLFHVVXFKDV WKHJUHHQ-ODQG
GLVWULEXWLRQLQGH[DQGHFRORJLFDOULVNLQGH[DUHUHODWLYHO\VPDOO7KLVLVSRVVLEO\EHFDXVHWKH
FDOFXODWLRQVRIODQGVFDSHLQGLFHVDUHGHULYHGIURPWKHODQG-XVHFKDQJHVZKLFKDWDFLW\VFDOH
DUHXVXDOO\UHODWLYHVORZDQGZHDNHYHQLQDGHFDGH7LVFKHQGRUI$VVKRZQLQ)LJXUH
DWKHIRUHFDVWVIRU-IURPWKHIRXUPRGHOVVKRZWKDWWKHFHQWUDOLVHGXUEDQPRGHO
KDVWKHKLJKHVWUHODWLYHHQYLURQPHQWDOSROOXWLRQLQGH[ZKLOHWKHGHFHQWUDOLVHGXUEDQOD\RXW
PRGHOKDV WKH ORZHVW UHODWLYHSROOXWLRQ LQGH[7KH UHODWLYHSROOXWLRQDQGSDWFK VSDFLQJDUH
QHJDWLYHO\FRUUHODWHGDQG WKH OLQHDU UHJUHVVLRQFXUYH LVVKRZQ LQ)LJXUH EZKLFKFOHDUO\
VKRZV WKH H[SRQHQWLDO UHODWLRQVKLS EHWZHHQ WKH UHODWLYH HQYLURQPHQWDO SROOXWLRQ LQGH[ DQG
XUEDQ SDWFK VSDFLQJ :KHQ WKH XUEDQ SDWFK VSDFLQJ LV ZLWKLQ  NP WKH XUEDQ UHODWLYH
SROOXWLRQLVDSSDUHQWO\UHGXFHGZKHUHDVWKHHIIHFWGLPLQLVKHVZLWKSDWFKVSDFLQJLQFUHDVLQJ
6LPLODUO\ WKHFHQWUDOLVHGXUEDQPRGHOKDVD KLJKHU LQGXVWULDOFKDUDFWHULVWLFV LQGH[ WKDQ WKH
RWKHUWKUHHPRGHOVLQWKHILYHVLPXODWLRQ\HDUVDOWKRXJKLWLVQRWHGWKDWE\WKHUHLVRQO\
DVPDOOGLIIHUHQFHEHWZHHQWKH0D[LPDDQG0LQLPDDVVKRZQLQ)LJXUHF7KLVLVEHFDXVH
WKHFKDQJHVRILQGXVWULDOFKDUDFWHULVWLFVLQGH[DUHGHULYHGIURPWKHUHODWLYHO\VORZDQGZHDN
LQGXVWULDO ODQG-XVH FKDQJHV $PRQJ WKH PRGHOV WKH XUEDQ JUHHQ-FRUULGRU PRGHO DQG
UHVRXUFH-EDVHG XUEDQ OD\RXW PRGHO KDYH DOWHUQDWLQJ FXUYHV DERYH WKDW RI WKH GHFHQWUDOLVHG
PRGHO ZKHUHDV ERWK KDYH DOWHUQDWLQJ DQG FOLPELQJ FXUYHV DERYH WKDW RI WKH GHFHQWUDOLVHG
XUEDQ OD\RXW PRGHO $V VKRZQ LQ )LJXUH G WKH LQGXVWULDO FKDUDFWHULVWLFV LQGH[ GHFUHDVHV
ZLWK LQFUHDVHV LQSDWFKVSDFLQJ:KHQXUEDQSDWFKVSDFLQJ LVZLWKLQNP WKH LQGXVWULDO
FKDUDFWHULVWLFV LQGH[ GHFOLQHV VKDUSO\ KRZHYHU LQ WKH UDQJH RI - NP WKH HIIHFW RI
VSDFLQJGLPLQLVKHVGUDPDWLFDOO\$FRPSDULVRQRIWKHJUHHQ-ODQGGLVWULEXWLRQLQGLFHVIRUWKH
IRXUPRGHOVLVVKRZQLQ)LJXUHH7KHGHFHQWUDOLVHGXUEDQOD\RXWKDVWKHKLJKHVWJUHHQ-ODQG
GLVWULEXWLRQLQGH[ZKHUHDVWKHFHQWUDOLVHGXUEDQPRGHOKDVWKHORZHVW,WLVQRWHGWKDWGXHWR
ODQGVFDSHLQGH[XVXDOO\FKDQJHVVORZO\XQWLOWKHGLIIHUHQFHVRIJUHHQ-ODQGGLVWULEXWLRQ
LQGH[DPRQJWKHIRXUPRGHOVDUHUDWKHUVPDOO0HDQZKLOHWKHUHDUHXQHYHQDQGLQVLJQLILFDQW
GLIIHUHQFHVEHWZHHQWKHJUHHQFRUULGRUPRGHODQGUHVRXUFH-EDVHGPRGHOZKLFKKDYHVLPLODU
DYHUDJHJUHHQ-ODQGGLVWULEXWLRQE\-DQGUHVSHFWLYHO\$VVKRZQLQ
)LJXUHIWKHJUHHQ-ODQGGLVWULEXWLRQLQGH[DQGXUEDQSDWFKVSDFLQJKDYHDURXJKO\SRVLWLYH
FRUUHODWLRQZKHUHDVDQDEVROXWHSRVLWLYHFRUUHODWLRQ LVQRWREVHUYHGZKHQSDWFKVSDFLQJ LV
EHWZHHQNPDQGNP7KLVPHDQV WKDWZKHQJUHHQFRUULGRUVSDFLQJUHDFKHVNP
WKHHIIHFWRQRYHUDOOHFRORJLFDOSURWHFWLRQKDVDOUHDG\EHHQVXEVWDQWLDO7KLVUHVXOWDJUHHZLWK
-RNLPDNL¶VUHVHDUFKRIPHUJLQJZLOGOLIHFRPPXQLW\HFRORJ\ZLWKDQLPDOEHKDYLRUDOHFRORJ\
IRU DEHWWHUXUEDQ ODQGVFDSHSODQQLQJ -RNLPlNLDHWDO $V VKRZQ LQ)LJXUH J WKH
FHQWUDOO\GLVWULEXWHGXUEDQOD\RXWPRGHOSUHVHQWVWKHKLJKHVWHFRORJLFDOULVNLQGH[ DQGLW LV
IROORZHG E\ WKH UHVRXUFH-EDVHG FLW\ DQG JUHHQ FRUULGRU PRGHO ZKHUHDV WKH GHFHQWUDOLVHG
XUEDQOD\RXWPRGHOKDVWKHORZHVWHFRORJLFDOULVNLQGH[,WLVQRWHGWKDWGXHWRWKHUHODWLYHO\
VPDOOFKDQJHVRIODQGVFDSHLQGH[DQGHFRORJLFDOHQYLURQPHQWDOLQGH[WKHGLIIHUHQFHVDPRQJ
WKHPRGHOVDUHUDWKHUVPDOOKHUH$VVKRZQLQ)LJXUHKZKHQWKHXUEDQSDWFKVSDFLQJLV
NPWKHHFRORJLFDOYXOQHUDELOLW\LQGH[UHGXFHVVLJQLILFDQWO\DQGWKHHIIHFWGLPLQLVKHVLQWKH
UDQJHRINP-NPDQGLVZHDNHVWLQWKHUDQJHRI-NP  
,WLVQRWHGWKDWDOWKRXJKWKHDERYHFRPSDUDWLYHUHVXOWVDUHEDVHGRQWKHFDVHVWXG\FLW\
+DUELQ JLYHQ WKDW WKLV LV D W\SLFDO GHYHORSLQJ FLW\ LQ &KLQD DQG DOVR LW LV RI FHQWUDOLVHG
-LDQ;X	-LDQ.DQJ-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW  >'2,$6&(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-@ 
-- 
-RXUQDORI8UEDQ3ODQQLQJDQG'HYHORSPHQW9ROXPH3DJHV- 
PXOWL-QXFOHLW\SHUHSUHVHQWLQJWKHPRVWFRPPRQXUEDQSDWWHUQWKHUHVXOWVFDQEHJHQHUDOLVHGLQD
UDQJHRIRWKHUVLPLODUFDVHV 
Conclusions 
7KLV SDSHU GHYHORSHG DQ XUEDQ HFRORJLFDO ULVN DVVHVVPHQW PHWKRG DQG E\ LQWHJUDWLQJ WKH
PHWKRG HVWDEOLVKHG DQG YDOLGDWHG DQ XUEDQ GHYHORSPHQW V\VWHP G\QDPLFV PRGHO 8VLQJ WKH
PRGHO IRXU SULPDU\ PRGHOV RI FRQWHPSRUDU\ XUEDQ OD\RXWV ZHUH FRPSDUHG V\VWHPDWLFDOO\ LQ
RUGHUWRLGHQWLI\WKRVHZKLFKDUHPRUHVXLWDEOHIRUXUEDQHFRORJLFDOGHYHORSPHQW  
8VLQJWKHKLVWRULFDOLQGXVWULDOFLW\RI+DUELQLQ&KLQDDVDQH[DPSOHD*,6ODQGVFDSHLQGH[
HVWLPDWLRQKDVEHHQXVHG WRVLPXODWH WKH LQGXVWULDOFKDUDFWHULVWLFV LQGH[JUHHQ-ODQGGLVWULEXWLRQ
LQGH[ODQGVFDSHHFRORJLFDOULVNLQGH[DQGHQYLURQPHQWDOSROOXWLRQLQGH[IRUIRXUXUEDQOD\RXWV
7KLVLQFOXGHVWKHFHQWUDOLVHGXUEDQPRGHOXUEDQJUHHQFRUULGRUPRGHOGHFHQWUDOLVHGXUEDQPRGHO
VDWHOOLWHFLW\PRGHODQGUHVRXUFH-EDVHGGHFHQWUDOLVHGPRGHO7KHVLPXODWLRQUHVXOWVDUHXVHGWR
LGHQWLI\WKHOD\RXWPRGHOWKDWLVPRUHVXLWDEOHIRUXUEDQHFRORJLFDOGHYHORSPHQW  
7KH PRGHO VLPXODWLRQ UHVXOWV VKRZ WKDW WKH UHODWLYH SROOXWLRQ LQGH[ DYHUDJH ODQGVFDSH
FKDUDFWHULVWLFV LQGH[ DQG HFRORJLFDO ULVN LQGH[ DUH QHJDWLYHO\ FRUUHODWHG ZLWK SDWFK VSDFLQJ
ZKHUHDVWKHJUHHQ-ODQGGLVWULEXWLRQLQGH[LVSRVLWLYHO\FRUUHODWHGZLWKSDWFKVSDFLQJ7KLVUHVXOW
LQGLFDWHV WKDW WKHGHFHQWUDOLVHG OD\RXWPRGHOSURPRWHVD UHGXFWLRQRIXUEDQHFRORJLFDO ULVNDQG
LQFUHDVH RI HQYLURQPHQWDO SROOXWLRQ SURWHFWLRQ :KHQ WKH VDPH XUEDQ FRQVWUXFWLRQ UDWH LV
PDLQWDLQHG WKH JUHHQ FRUULGRU XUEDQ OD\RXW PRGHO ZLWK DQ DYHUDJH FRUULGRU ZLGWK RI  NP
UHVRXUFH-EDVHG OD\RXW PRGHO FDQ UHGXFH XUEDQ HFRORJLFDO ULVNV DQG JUHHQ FRUULGRUV ZLWK DQ
DYHUDJHZLGWKRINPFDQHQVXUHVXEVWDQWLDOXUEDQHQYLURQPHQWDOSROOXWLRQUHGXFWLRQXQGHUWKH
SUHFRQGLWLRQRIVWDEOHODQGVFDSHHFRORJ\ 
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Appendix: List of model equations 
Population subsystem:  
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Industrial subsystem:  
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Economic investment subsystem 
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Environment subsystem 
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Urban distribution subsystem 
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